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(57) Abstract 

PURPOSE: To utilize the output of a solar battery 
effectively by maintaining the voltage at a power 
receiving terminal normally even rf the voltage of an 
electric power system is high. 

CONSTITUTION: A solar battery array 1, an inverter 2, 
which converts the DC generated by the solar battery 
array 1 into the AC. and an electricity storage means 7 
are provided. The output of the inverter 2 is connected 
to a commercial electric power system 5 through an 
interconnection protective device 4. When the voltage of 
the commercial electric power system 5 exceeds a 
specified value, the generated energy of the solar 
battery array 1 is stored in a secondary battery 72 
constituting the electricity storage means 7. 
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(54) SOLAR POWER GENERATING SYSTEM 

(57) [Abstract] 

[Object] To effectively utilize output of solar battery 
while maintaining normal voltage of power receiving 
terminal even when voltage of power system is high. 
[Constitution] A system having a solar battery array 1, an 
inverter converting direct current generated by the solar 
battery array 1 to alternating current, and a power storing 
means 7. The output of the inverter 2 is connected through 
a linked protection device 4 to a commercial power system 
5. When the voltage of the commercial power system 5 
exceeds a predetermined value, the energy generated by the 
solar battery array 1 is stored in the secondary battery 
forming the power storing means 7. 

[CLAIMS] 

[Claim 1] A solar power system having a solar battery, an 
inverter converting a direct current generated by the solar 
battery to an alternating current, and a power storing 
means, the output of said inverter being connected to the 
power system, said solar power system characterized in that 



- 85 - 



when the voltage of said power system exceeds a 
predetermined value, the energy generated by said solar 
battery is stored in said power storing means. 
[Claim 2] A solar power system as set forth in claim 1, 
wherein said power storing means is connected to the output 
side of said inverter and wherein said power storing means 
is provided with a secondary battery and an AC /DC 
converting means connected to said secondary battery and 
said power system. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of Utilization in Industry] The present invention 
relates to a solar power system, more particularly relates 
to a solar power system connected to a low voltage system 
used in the general home or other power system. 
[0002] 

[Prior Art] In recent years, global warming and radioactive 
contamination due to nuclear power station accidents have 
led to a rapid rise in interest in the environment and 
energy. In the midsts of all of this, solar batteries are 
being looked at with great hope from the world as a 
regeneratable endless source of clean energy. However, 
solar batteries only naturally generate energy in the 
daytime when sunlight is available. Therefore, some sort of 
auxiliary means is required for using solar batteries as 
stable sources of energy. 

[0003] The best method for this auxiliary means is the 
method of converting the DC output from a solar battery to 
AC by an inverter and linking the AC converted output with 
a commercial AC system or other power system which we 
routinely use, that is, using it together with the electric 
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power system. This method also does not require any land 
for installation if installing the solar battery on the 
roof, so solar battery systems are beginning to spread in 
earnest. In Japan as well, recently the legal system is 
being set up. This type of system-linked system has 
therefore been coming into practical use in earnest. An 
example of this type of system-linked system is shown in 
FIG. 10. 

[0004] In FIG. 10, a plurality of solar batteries are 
combined in series to make a solar battery array 1. The DC 
power output from it is converted through an inverter 2 to 
AC power, then connected to a general load 3 and system- 
linked protection device 4. Further, the load 3 and the 
inverter 2 are connected through the system-linked device 4 
to a commercial power system 5. The inverter 2 receives a 
command from a control system 6 for tracking the maximum 
output point of the solar battery and making the power 
factor 1. In this system-linked system, when the power 
consumption of the general load 3 is smaller than the 
output of the inverter 2, the excess flows back to the 
commercial power system 5. Further, when the power 
consumption of the general load 3 is larger than the output 
of the inverter 2, the shortfall is supplied from the 
commercial power system 5. By using such a configuration of 
a system-linked system, it is possible to use a solar 
battery power generating facility as a stable source of 
energy. 

[0005] Further, abnormalities in the power system have a 
major effect on society as a whole, so the commercial power 
system is strictly maintained by the power companies in 
frequency, voltage, harmonic distortion, etc. For example, 



- 87 - 



in the 100V system used in the general home, the voltage is 
set as 101±6V by the Japanese Electric Power Utility Law. 
Only naturally, a solar power system feeding power back 
into the system also has to be kept from deviating from 
this voltage range. In addition, technical standards are 
set for solar power systems connected to the electric" power 
system requiring the power factor to be maintained close to 
1 and requiring the harmonic current distortion rate to be 
kept to less than 5% . 
[0006] 

[Problem to be Solved by the Invention] However, in the 
above way, connection of the commercial power system and 
solar power system only naturally requires a distribution 
line be connected between them. Further, a distribution 
line has impedance, so at the time of power transmission, a 
voltage drop is unavoidable. For example, in the system 
shown in FIG. 4, since there is the distribution line 
impedance 12 between the commercial power system 13 and 
user 11, the received voltage VR of the user 11 ends up 
falling below the system voltage VS of the commercial power 
system 13. For this reason, the system voltage VS of the 
commercial power system 13 is set slightly high 
anticipating the amount of voltage drop due to the 
distribution line impedance 12. For example, the low 
voltage side output of the pole transformer is set to 105V. 
At the time of no load, the received voltage of the user 
becomes 105V. Further, when the solar power system sends 
power to the power system, this distribution line impedance 
unfortunately causes the voltage at the user's receiving 
terminal to end up exceeding 105V. Further, for example, if 
the received voltage becomes 101V at the time of 
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consumption of 30A, if feeding back 30A, the voltage drop 
acts in reverse resulting in a voltage of 109V or over the 
allowable voltage range. 

[0007] The simplest method for preventing this problem at 
the solar power system side is to suppress the current 
generated from the solar battery. However, this method has 
problems when viewed from the perspective of the effective 
utilization of the energy received from the sun. This is 
because part of the solar energy would end up being 
discarded. 

[0008] A second method is the advanced phase power 
injection system proposed by the Central Research Institute 
of the Electric Power Industry. This system is effective, 
but the output apparent power has to be increased, so 
inverter has to be raised in capacity. For this reason, 
there is liable to be a detrimental effect on the 
t overcurrent protection function. Further, only naturally, 

the power factor ends up being reduced. That is, according 
to the test calculations of the Central Research Institute 
of the Electric Power Industry, to in order to send 3 kW of 
effective power to a standard low voltage system and keep 
the voltage below 107V, it is necessary to invalidate as 
much as 3 kvar power. The apparent power at this time 
becomes 4.2 kVA. Further, the output current becomes 42A, 
so at the very least in this range, the overcurrent 
protection function is kept from working. Originally, the 
current for 3 kW is 30A, so the overcurrent protection 
function should be made to work at around 33A or 10% 
higher. Further, the power factor at this time falls to 
about 0.7 or so. For this reason, a larger current than the 
design value may flow through the distribution line and 
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therefore a load may be placed on the distribution line. 
[0009] The problem of maintenance of the voltage is further 
complicated. This is due to the instability of the voltage 
of the electric power system. The electric power system 
maintains the voltage for all users by opening/closing 
power stations and substations to deal with changes in 
demand. For this reason, the voltage of the electric power 
system is not constant but changes every second. The 
inventors measured the voltage in the electric power system 
for one day. The measured values are shown in FIG. 5. The 
arrow A shows that the voltage of the system reached the 
legal upper limit of 107V. If feeding power into the system 
at this time, it is clear that the voltage will end up 
exceeding the upper limit value. 

[0010] As explained above, making effective utilization of 
all of the output power of a solar battery without waste 
while maintaining the receiving terminal voltage within the 
legal value is difficult with existing solar power systems. 

[0011] The present invention was made in consideration of 
the above problem and has as its object the provision of a 
solar power system making effective utilization of the 
output of a solar battery while maintaining the voltage at 
the power receiving terminal at a normal value even when 
the voltage of the power system is high. 

[0012] 

[Means for Solving the Problem] According to the present 
invention, there is provided a solar power system having a 
solar battery, an inverter converting a direct current 
generated by the solar battery to an alternating current, 
and a power storing means, the output of said inverter 
being connected to the power system, said solar power 
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system characterized in that when the voltage of said power 
system exceeds a predetermined value, the energy generated 
by said solar battery is stored in said power storing 
means . 
[0013] 

[Mode of Operation] In the solar power system of the 
present invention, when the output voltage of the inverter, 
that is, the voltage at the power receiving terminal, 
reaches the legal upper limit value, the electrical energy 
starts to be stored in the power storing means. For this 
reason, the power fed back to the electric power system is 
reduced and a rise in voltage can be prevented. Further, 
when the voltage of the electric power system falls, the 
stored electric power is discharged and this stored energy 
is output to the electric power system. When storing power, 
there is no need to suppress the output of the solar 
battery, so the solar energy can be effectively utilized. 

[0014] Accordingly, according to the present invention, it 
is possible to effectively utilize the solar energy while 
maintaining the legal voltage range. Further, it is not 
necessary to send a large amount of advanced phase invalid 
power to the electric power system, so there is no 
detrimental effect on the overcurrent protection function 
etc. and no load placed on the distribution line. 
[0015] Further, in the present invention, when the voltage 
of the power system is high, the power is stored in the 
power storing means in this control system, so the 
secondary battery etc. used in the power storing means may 
be one of a relatively small capacity. It is not necessary 
to use large capacity, expensive one. 
[0016] 
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[Embodiments] Below, the present invention will be 
explained in detail based on embodiments. 

(First Embodiment) FIG. 1 shows a solar power system of a 
first embodiment of the present invention. The DC output 
generated from the solar battery array (solar battery) 1 is 
connected to the power storing means 7 and inverter 2. The 
power storing means 7 is comprised of a 

charging/discharging interface 71 and a secondary battery 
72. The roles of the charging/discharging interface 71 are 
to match the voltages of the secondary battery 72 and the 
solar battery array 1 and to control the 

charging/discharging of the secondary battery. The voltage 
for obtaining the maximum output power from the solar 
battery is generally determined by the weather conditions 
at that time. On the other hand, the voltage required for 
charging of the secondary battery 72 also is substantially 
determined by the type of the battery and the residual 
charge, temperature, etc. of the battery. Of course, the 
numbers of the solar batteries and secondary batteries 
should be designed so that the difference between these two 
voltages becomes as small as possible, but the voltage 
changes greatly due to the weather conditions at the 
maximum power point of a solar battery. As opposed to this, 
the change in the charging voltage of a lead battery or 
other secondary battery is small, so matching is difficult. 
Therefore, even if directly connecting these batteries 
without voltage matching, the object of the present 
invention is attained, but the efficiency drops somewhat 
due to the voltage mismatch. 

[0017] The charging/discharging interface 71 is usually 
comprised of a DC/DC converter enabling both voltage step 
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up and step down. The principle of this DC/DC converter is 
shown in FIG. 6. By operating the switch 32, the magnetic 
energy is stored in the inductance 33. This is supplied to 
the load as a power source. Further, by controlling the 
duty ratio of the switch 32, it is possible to control the 
output voltage. The solar power system of the present 
invention controls the charging/discharging interface 71 by 
the control system 6. Further, as the secondary batteries 
72, it is possible to use NiCAD batteries, lead batteries, 
lithium secondary batteries, nickel-hydrogen batteries, 
etc. 

[0018] FIG. 7 shows an example of an inverter 20 used in 
the first embodiment. The DC power output from the solar 
battery array 1 passes through a DC filter 21 to be 
supplied to a switching unit 22 and passes through an AC 
filter 23 to be coupled with the electric power system. 
Here, the DC filter 21 is for compensating for sudden 
charges in sunlight. A high voltage resistance, large 
capacity aluminum electrolytic capacitor etc. is used. 
Further, the switching unit 22 is a part which acts to 
switch between positive and negative DC inputs for supply 
to the load and handles DC-AC conversion. Various methods 
have been proposed for this DC-AC conversion part, but the 
voltage type current control PWM system is becoming the 
mainstream for low voltage system linkage. This system is 
characterized by obtaining an output waveform with 
extremely small harmonic distortion. Further, the devices 
used in the switching unit include power transistors, power 
MOSFETs, IGBTs, SITs, thyristors, GTOs, etc. At the present 
time, with an output capacity of several kW or so, power 
transistors, MOSFETs, IGBTs, and other devices of the self- 
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extinguishing type with a high switching frequency are 
used. 

[0019] The output of the inverter 2 is connected to the 
general load 3 and linked protection device 4 and is 
connected through the linked protection device 4 to the 
commercial power system 5. The linked protection device 4 
acts at the time of overcurrent or other abnormalities to 
cut the connection between the solar power system and 
commercial power system 5. 

[0020] Further, control system 6 controls the 
charging/discharging interface 71 and inverter 2. The 
control system 6 controls the system as a whole using the 
output voltage and current of the solar battery array 1, 
the output current, output voltage, and power factor of the 
inverter 2, and the voltage, current, or residual capacity 
of the secondary battery 72 as input information. In 
particular, the important information in the present 
invention is the output voltage of the inverter 2, the 
output voltage or output current of the solar battery array 
1, and the residual capacity of the battery. At the least, 
if the four information is not available, the object of the 
present invention cannot be achieved. The control system 6 
is comprised of a microcomputer and peripheral interface 
devices. For example, as the microprocessor, a Z80, 8086, 
V30, 68000, etc. may be mentioned, while as the peripheral 
interface, a parallel interface, DMA, A/D converter, etc. 
may be mentioned. Further, in the first embodiment, the 
control system was comprised of a digital control system, 
but it may also be comprised of an analog system. Further, 
the controlling means 8 can control the linked protection 
device 4 . 
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[0021] Next, the operation of the first embodiment of this 
configuration will be explained. When the sun rises and 
light strikes the solar batteries, the solar battery array 
1 generates electromotive force. The control system 6 
detects the voltage of the solar battery array 1 then 
investigates the mode of the commercial power system 5. If 
there is an abnormality in the mode of the commercial power 
system 5, the switching means of the inverter 2 is 
operated, DC-AC conversion is performed, and energy is made 
to flow to the commercial power system 5. In this mode, the 
duty ratio of said switching means is changed so that the 
output power of the solar battery array 1 becomes the 
maximum and thereby the maximum output is obtained from the 
solar battery array 1. The phase of the output current at 
this time is controlled so as to match with the phase of 
the output voltage and the power factor is maintained at 1. 
[0022] At time point of time, operation is continued if the 
output voltage of the inverter 2 is less than the legal 
value. Further, when the output voltage of the inverter 2 
exceeds the legal value, the control system 6 issues a 
charging command to the charging/discharging interface 71 
and starts the charging of the secondary battery 72 which 
had been discharged in advance. At this time, the output 
power of the inverter 2 is lowered while maintaining the 
maximum output point of the solar battery array 1, that is, 
the voltage is lowered to the legal value, by synchronously 
controlling the switch means of the inverter 2 and 
charging/discharging interface 71. Further, when not being 
lowered to the legal voltage in this synchronous control, 
the operation of the inverter 2 is stopped and the output 
of the solar battery array 1 is entirely assigned for 
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charging. This charging operation is continued until the 
system voltage falls to several V lower than the legal 
upper limit value. In the case of a standard low voltage 
distribution line, while depending on the power fed back, 
it is desirable to continue the charging operation until 
falling by 3 to 5V or so. The voltage of the electric power 
system changes each second. Further, the amount of sunlight 
also fluctuates, so the high voltage mode does not continue 
that long and continues for at most within 30 minutes. 
Therefore, the secondary batteries used in the present 
invention may be relatively small in capacity. For example, 
a capacity of 500 Wh for solar batteries of a maximum 
output of 1 kW is sufficient. This corresponds to one car 
battery when the discharging depth is 100%. Only naturally, 
the secondary batteries become extremely short in life at a 
discharging depth of 100%, so a slightly greater capacity 
is necessary, but it is clear that a giant battery is not 
required. Further, when reaching the fully charged state in 
the charging operation and the voltage of the system does 
not fall, the charging operation is stopped and system 
stands by until the system voltage falls. 

[0023] On the other hand, when the received voltage falls 
and the output power from the solar battery array 1 becomes 
sufficiently small, the previously charged secondary 
batteries 72 send DC power through the charging/discharging 
interface 71 to the inverter 2. The inverter 2 combines the 
output of the solar battery array 1 and the output from the 
secondary batteries 7 2 and feeds the power back to the 
commercial power system 5. This operation is continued 
until the residual charge of the secondary battery 72 is 
drained. However, when the received voltage exceeds the 
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upper limit of the legal value during the operation, the 
charging operation is again started. 

[0024 ] Further , an example of the operation of the system of 
the first embodiment is shown in FIG. 8. In FIG. 8, the 
solid line A shows the received voltage of the system of 
the first embodiment. The solid line B shows the power 
generated by the solar battery array in the system of the 
first embodiment. The abscissa shows the time. Further, in 
the system of the first embodiment, the received voltage is 
maintained at the legal value, the power factor also falls, 
therefore it is learned that the output power of the solar 
battery array is effectively utilized. 

[0025] Further, the operation of a conventional system of a 
type suppressing the power generated from the solar 
batteries (solar battery array) is shown in FIG. 9. In FIG . 
9, when the received voltage shown by the solid line A 
rises, the output of the solar battery shown by the solid 
line B is suppressed. For this reason, it is learned that 
the amount of output able to be generated by the solar 
batteries shown by the hatching ends up being discarded. As 
opposed to this, in the system of the first embodiment, the 
energy corresponding to the hatched part in FIG. 9 is 
stored in the secondary batteries. 

(Second Embodiment) The system configuration of the second 
embodiment of the present invention is shown in FIG. 2. 
This second embodiment is characterized by the 
charging/discharging interface 71 and the secondary battery 
72 being arranged at the output side of the inverter 2. In 
this configuration, the charging/discharging interface 4 
has to have the function of an inverter. In this 
configuration, the power storing means 7 may have an 
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independent control system separate from the inverter 2 of 
the solar batteries. That is, it is possible to externally 
attach this to a conventional type of system so as to 
obtain the system of the present invention. That is, it is 
possible to have the function of monitoring the received 
voltage and the function of controlling the 
charging/discharging handled by the charging/discharging 
interface 71 and have the maximum power point tracking 
control of the solar battery handled by the control system 
6 of the inverter 2. Even with this type of "externally 
attached" configuration, the object of the present 
invention can be completely achieved. 

(Third Embodiment) FIG . 3 shows a third embodiment of the 
present invention. In this third embodiment, the 
charging/discharging interface 71 is a simple switch. 
Further, as the secondary batteries 72, an NiCAD battery 
able to withstand considerably rough charging/discharging 
is employed. In the third embodiment, since the 
charging/discharging interface 71 is a simple switch, an 
extremely inexpensive system can be configured. That is, 
when the received voltage rises, the switch comprised of 
this charging/discharging interface 71 is closed to charge 
the storage battery. At this time, the output of the 
inverter 2 is reduced so that the received voltage falls. 
At the same time, the output voltage of the solar battery 
array 1 rises and the amount of charging of the batteries 
increases. Further, when the received voltage falls and the 
output of the solar battery array 1 becomes smaller, the 
secondary batteries 72 discharge energy. That is, the 
output of the inverter 2 is raised and energy is sucked up 
from the batteries. 
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[0026] Further, with this method, if the charging voltage 
of the secondary batteries 72 is not selected to be close 
to the maximum operating point of the solar batteries, the 
system efficiency falls or the life of the secondary 
battery 72 is shortened. For this reason, the secondary 
batteries 72 have to be carefully selected. Further, for 
example, lithium secondary batteries require severe 
charging/discharging control, so should not be used in the 
case of the third embodiment. 
[0027] 

[Effect of the Invention] As explained above, according to 
the solar power system of the present invention, the 
following effects are exhibited: Even when the voltage of 
the electric power system is high, the output of the solar 
batteries is effectively utilized while maintaining a 
normal voltage at the power receiving terminal. 

(1) When the voltage of the system is high, electric power 
is stored in the power storing means, so the output voltage 
of the inverter can be prevented from exceeding the legal 
value. Due to this, the solar batteries can be operated at 
the maximum output while maintaining the output voltage of 
the solar power system within the legal value and for this 
reason the solar energy can be efficiently utilized. 

(2) Since advanced phase invalid power is not injected into 
the power system to maintain the voltage, the capacity of 
the inverter does not have to be increased. Further, since 
no advanced phase invalid power is injected, the power 
factor does not fall and no load is placed on the 
distribution line. Further, since the output current does 
not have to be increased, there is also no detrimental 
effect on the overcurrent protection function. 
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[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] An explanatory view of a solar power system of a 
first embodiment of the present invention. 

[FIG. 2] An explanatory view of a solar power system of a 
second embodiment of the present invention. 
[FIG. 3] An explanatory view of a solar power system of a 
third embodiment of the present invention. 

[FIG. 4] An explanatory view of the change of the received 
voltage at the time of receiving power and the time of 
feeding back power in the solar power system. 
[FIG. 5] A graph showing an example of voltage fluctuation 
data in the power system. 

[FIG. 6] An explanatory view showing the principle of a 
DC/DC converter forming a charging/discharging interface 
used in the embodiment. 

[FIG. 7] An explanatory view showing an example of the 
configuration of an inverter used in the embodiment. 
[FIG. 8] A graph showing the operation of the solar power 
system of the present invention. 

[FIG. 9] A graph showing the operation of a conventional 
solar power system. 

[FIG. 10] An explanatory view showing the prior art of the 
solar power system. 
[Description of Notations ] 

1 solar battery array 

2 inverter 

3 general load 

4 linked protection device 

5 commercial power system 

6 control system 

7 power storing means 
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71 charging/discharging interfa 

72 storage battery 

11 user 

12 distribution line impedance 

13 commercial power system 

31 DC power source 

32 switching means 

33 inductance 

34 diode 

35 capacitor 

36 load 

VR received voltage 
VS system voltage 
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[FIG. 4] 
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